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(d
) la
rg
e
 
ef
fe
c
tiv
e
 
di
el
ec
tr
ic
 
co
n
st
an
t, 
th
u
s
 
e
n
ab
lin
g 
m
in
ia
tu
riz
at
io
n
 
o
f t
he
 
e
m
be
dd
e
d 
el
em
en
ts
 
 
G
RC
’s
 
An
te
n
n
a
,
 
M
icr
o
w
a
ve
 
a
n
d 
O
pt
ica
l S
ys
te
m
s 
Br
a
n
ch
 
(R
CA
)
N
a
tio
n
a
l A
e
ro
n
a
u
tic
s 
a
n
d 
Sp
a
ce
 
Ad
m
in
is
tra
tio
n
w
w
w
.
n
a
sa
.
go
v

N
AS
A 
se
ek
s 
to
 
de
v
el
o
p 
te
le
m
et
ry
 
ba
se
d 
im
pl
an
ta
bl
e 
se
n
si
n
g 
s
ys
te
m
s 
to
 
m
o
n
ito
r 
th
e 
ph
ys
io
lo
gi
ca
l 
pa
ra
m
et
er
s 
o
f h
u
m
an
s 
du
rin
g 
sp
ac
e 
fli
gh
ts
R
F 
Te
le
m
et
ry
 
Sy
s
te
m
 
fo
r 
Im
pl
an
ta
bl
e 
B
io
-
M
EM
S 
Se
n
s
o
rs
(T
R
L 
3-
4)
Co
n
ta
ct
-
le
ss
 
po
w
e
rin
g 
a
n
d 
te
le
m
e
try
 
a
pp
lic
a
tio
n
 
in
 
bi
o
se
n
so
rs
.
Co
n
ta
ct
-
le
ss
 
po
w
e
rin
g 
a
n
d 
te
le
m
e
try
 
co
n
ce
pt
.
Sc
he
m
a
tic
 
of
 
a
 
ca
pa
ci
tiv
e
 
pr
e
ss
u
re
 
se
n
so
r.
Sc
he
m
a
tic
 
of
 
m
in
ia
tu
re
 
sp
ira
l in
du
ct
o
r 
o
n
 
SO
G
/H
R
-
Si
 
w
a
fe
r 
a
n
d 
 
Ph
ot
o
m
ic
ro
gr
a
ph
o
f  
in
du
ct
o
r/a
n
te
n
n
a
.
M
e
a
su
re
d 
re
ce
ive
d 
re
la
tiv
e
 
si
gn
a
l s
tre
n
gt
h 
a
s 
a
 
fu
n
ct
io
n
 
of
 
fre
qu
e
n
cy
.
(a)
 
Pi
ck
-
u
p 
a
n
te
n
n
a
 
a
t a
 
he
ig
ht
 
of
 
5 
cm
.
 
(b)
 
Pi
ck
-
u
p 
a
n
te
n
n
a
 
a
t a
 
he
ig
ht
 
of
 
10
 
cm
.
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A 
n
o
v
el
 
m
in
ia
tu
re
 
in
du
ct
o
r 
an
d 
pi
ck
-
u
p 
an
te
n
n
a 
fo
r 
co
n
ta
ct
-
le
ss
 
po
w
er
in
g 
an
d 
RF
 
te
le
m
et
ry
 
fro
m
 
 
im
pl
an
ta
bl
e 
Bi
o
-
M
EM
S 
se
n
so
rs
 
ha
s 
be
en
 
de
v
el
o
pe
d.
Co
n
ce
pt
:
•
D
e
ve
lo
p 
e
le
ct
ric
al
ly 
sm
a
ll a
n
te
n
n
a
s 
an
d 
se
lf-
he
a
lin
g,
 
ad
a
pt
ive
 
de
ci
sio
n
 
a
lg
o
rit
hm
s 
fo
r 
co
he
re
n
t s
ig
n
a
l d
e
te
ct
io
n
 
an
d 
tra
n
sm
is
sio
n
 
fro
m
 
an
 
ar
ra
y 
o
f r
an
do
m
ly 
di
st
rib
u
te
d 
pl
an
e
ta
ry
 
se
n
so
rs
.
 
Th
e
 
se
n
so
r 
a
rr
a
y 
w
ill 
co
n
fig
u
re
 
its
e
lf 
to
 
fo
rm
 
a
 
be
am
 
in
 
a
 
ge
n
e
ra
l d
ire
ct
io
n
 
th
a
t c
an
 
be
 
in
te
rc
ep
te
d 
by
 
a
 
pa
ss
in
g 
o
rb
ite
r 
o
r 
di
re
ct
ed
 
to
 
a
 
pa
rti
cu
la
r 
sa
te
llit
e
 
o
r 
pl
an
e
ta
ry
 
su
rfa
ce
-
ba
se
d 
re
ce
ive
r.
•
D
e
ve
lo
p 
m
in
ia
tu
riz
ed
 
an
te
n
n
a
s 
a
n
d 
be
am
 
fo
rm
in
g 
a
lg
o
rit
hm
 
fo
r 
ra
n
do
m
 
se
n
so
r 
a
rr
ay
s 
th
a
t e
n
ab
le
 
th
e
 
se
n
so
r 
to
 
w
o
rk
 
to
ge
th
e
r 
to
 
co
m
m
u
n
ic
at
e
 
th
e
ir 
da
ta
 
to
 
re
m
o
te
 
co
lle
ct
io
n
 
si
te
s 
w
ith
ou
t t
he
 
n
ee
d 
fo
r 
a
 
ba
se
 
st
a
tio
n
•
D
e
ve
lo
p 
m
in
ia
tu
riz
ed
 
an
te
n
n
a
s 
w
ith
 
m
od
e
ra
te
 
ba
n
dw
id
th
s 
fo
r 
pl
an
e
ta
ry
 
su
rfa
ce
 
co
m
m
u
n
ica
tio
n
s 
be
tw
ee
n
 
re
m
o
te
 
si
te
s 
se
n
so
rs
 
o
r 
o
rb
ite
rs
.
•
Th
e
 
te
ch
n
o
lo
gy
 
is
 
in
te
n
de
d 
to
 
en
ab
le
 
lo
w
-
ris
k 
se
n
sin
g 
an
d 
m
on
ito
rin
g 
m
is
sio
n
s 
in
 
ho
st
ile
 
pl
an
e
ta
ry
 
a
n
d/
or
 
a
tm
o
sp
he
ric
 
en
vir
o
n
m
en
ts
.
•
D
e
ve
lo
pm
en
t o
f d
is
tri
bu
te
d 
Ba
ye
sia
n
 
Al
go
rit
hm
 
ba
se
d 
fa
u
lt 
to
le
ra
n
t, 
se
lf 
o
rg
an
izi
n
g 
ra
n
do
m
 
se
n
so
r 
de
te
ct
io
n
M
in
ia
tu
riz
e
d 
An
te
n
n
a
s 
in
 
R
a
n
do
m
 
Se
n
so
r 
Ar
ra
ys
 
fo
r 
Pl
a
n
e
ta
ry
 
Su
rfa
ce
 
Ex
pl
o
ra
tio
n
PI
 
: 
D
r.
 
Je
n
n
ife
r 
B
er
n
ha
rd
/U
n
iv
.
 
o
f I
lli
n
o
is
Si
m
u
la
te
d 
Be
a
m
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rm
in
g 
A
ch
ie
v
ed
 
U
sin
g 
Ba
ye
sia
n
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tim
a
tio
n
 
M
et
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d 
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r 
a
 
R
a
n
do
m
 
Se
n
so
r 
A
rr
a
y 
Pr
o
to
ty
pe
 
M
in
ia
tu
ri
ze
d 
A
n
te
n
n
a
Ap
pr
o
ac
h 
al
lo
w
s 
ra
n
do
m
ly
 
di
st
rib
u
te
d 
Lu
n
ar
 
su
rf
ac
e 
se
n
so
rs
 
to
 
w
o
rk
 
to
ge
th
er
 
as
 
an
 
ar
ra
y 
an
d 
th
u
s 
en
ha
n
ce
s 
co
m
m
u
n
ic
at
io
n
 
ca
pa
bi
lit
ie
s 
by
 
de
cr
ea
si
n
g 
th
e 
pr
o
ba
bi
lit
y 
o
f s
in
gl
e 
po
in
t 
co
m
m
u
n
ic
at
io
n
 
fa
ilu
re
.
TR
L 
in
=
 
2
TR
L 
o
u
t
=
 
3
TR
L 
in
=
 
2
TR
L 
o
u
t
=
 
3
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H
ig
h 
Fr
eq
u
en
c
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(H
F)
 
Pa
ss
iv
e 
Se
n
so
r 
A
n
te
n
n
as
D
es
cr
ip
tio
n
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d 
O
bje
c
tiv
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:
Ap
pr
o
ac
h:
Co
-
I’s
 
/ P
ar
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er
s:
•
Sm
al
l, 
co
n
fo
rm
al
 
Hi
gh
 
Fr
eq
u
en
c
y 
(H
F)
 
an
te
n
n
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o
pe
ra
tin
g 
at
 
70
 
M
Hz
 
ar
e 
de
si
re
d 
fo
r 
in
te
gr
at
io
n
 
w
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Su
rfa
ce
 
Ac
o
u
st
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W
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e 
(S
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) s
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rs
 
fo
r 
w
ire
le
ss
 
da
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ac
qu
is
iti
o
n
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n
ar
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pl
o
ra
tio
n
 
ac
tiv
iti
es
 
(e.
g.
, 
lu
n
ar
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ta
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.
•
To
 
de
si
gn
 
an
d 
de
v
el
o
p 
pr
o
to
ty
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an
te
n
n
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m
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t t
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w
in
g 
cr
ite
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:
–
70
 
M
Hz
 
ce
n
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r 
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qu
en
c
y 
o
pe
ra
tio
n
–
1%
 
2:
1 
VS
W
R 
ba
n
dw
id
th
–
O
m
n
id
ire
ct
io
n
al
ra
di
at
io
n
 
pa
tte
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–
Ve
rt
ic
al
 
Po
la
riz
at
io
n
–
10
 
m
et
er
 
ra
n
ge
•
To
 
de
m
o
n
st
ra
te
 
fu
n
ct
io
n
al
 
o
pe
ra
tio
n
 
o
f e
m
be
dd
ed
 
an
te
n
n
a 
in
 
a 
re
le
v
an
t e
n
v
iro
n
m
en
t.
Ap
pl
ic
a
tio
n
/M
is
si
o
n
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M
ile
s
to
n
es
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d 
Sc
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du
le
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A
n
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n
n
a
, M
ic
ro
w
a
ve
a
n
d
  O
p
ti
c
a
l  
S
ys
te
m
s 
 B
ra
n
c
h
R
C
A
Fé
lix
M
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n
da
 
(G
RC
\R
CA
)
Pa
tr
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k 
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n
k 
(JS
C)
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m
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Ne
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(G
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\R
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Ti
m
o
th
y 
Ke
n
n
e
dy
 
(JS
C)
Ca
rl 
M
u
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le
r 
(A
N
AL
EX
\R
CA
)
•
De
v
el
o
p 
an
d 
v
er
ify
 
o
pe
ra
tio
n
 
o
f V
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an
te
n
n
a 
m
et
ro
lo
gy
 
te
st
be
d
to
 
ad
eq
u
at
el
y 
ch
ar
ac
te
riz
e 
pr
o
to
ty
pe
 
an
te
n
n
as
.
•
Co
n
st
ru
ct
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d 
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ar
ac
te
riz
e 
a 
½
w
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el
en
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h 
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an
te
n
n
a 
(70
 
M
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) to
 
id
en
tif
y 
o
pe
ra
tio
n
al
 
ba
se
lin
e 
re
qu
ire
m
en
ts
.
•
Si
m
u
la
te
 
el
ec
tr
ic
al
ly
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al
l a
n
te
n
n
a 
de
si
gn
s 
u
si
n
g 
ad
v
an
ce
d 
el
ec
tr
o
m
ag
n
et
ic
 
si
m
u
la
tio
n
 
to
o
ls
 
(i.e
.
, 
An
so
ft
HF
SS
, 
Ze
la
n
d
IE
3D
)
•
Co
n
st
ru
ct
 
an
d 
ch
ar
ac
te
riz
e 
pe
rfo
rm
an
ce
 
o
f p
o
te
n
tia
l a
n
te
n
n
a 
de
si
gn
s 
in
 
a 
re
le
v
an
t e
n
v
iro
n
m
en
t.
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n
g 
So
u
rc
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O
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ra
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n
s 
Tr
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o
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at
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o
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D
e
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r
M
a
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s
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e
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o
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e
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a
lyz
er
R
F 
ou
t
R
F 
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n
n
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R
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e
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n
n
a
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g
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R
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v
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n
n
a
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st
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n
n
a
E H
m
e
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l s
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t
•
Em
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dd
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SA
W
 
se
n
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w
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w
ire
le
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n
n
ec
tiv
ity
 
w
o
u
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al
lo
w
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r 
pr
o
lif
ic
 
se
n
so
r 
w
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st
em
s 
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a 
lu
n
ar
 
o
r 
sp
ac
e-
ba
se
d 
ha
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ta
t t
o
 
ac
cu
ra
te
ly
 
an
d 
ef
fic
ie
n
tly
 
de
te
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m
ic
ro
-
m
et
er
o
id
im
pa
ct
s 
an
d 
en
ha
n
ce
 
m
is
si
o
n
 
sa
fe
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(E
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G
R
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H
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Te
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Se
n
s
o
r
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m
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m
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O
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o
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n
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H
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M
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s
tr
ip
Pa
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n
n
a
G
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n
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R
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e
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ch
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n
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r
a
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e
w
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Fi
e
ld
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m
m
u
n
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a
tio
n
s 
D
iv
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io
n
Reconfigurable
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R
e
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n
fig
u
ra
bl
e 
Tr
an
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ei
v
e
rs
 
a
n
d 
So
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ar
e 
D
ef
in
ed
 
R
ad
io
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e
 
th
e 
Fu
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o
f T
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o
m
m
u
n
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at
io
n
s
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A
n
a
lo
g 
H
W
D
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l H
W
R
e
-
c
o
n
fi
g
u
r
a
b
le
S
o
ft
w
a
r
e
D
e
m
o
du
la
tio
n
E
qu
a
liz
a
tio
n
Fr
e
qu
e
n
c
y
C
o
n
v
e
rs
io
n
Fi
lte
rin
g
A
n
te
n
n
a
A
G
C
P
o
w
e
r 
A
m
p.
LN
A
A
LC
Fi
lte
rin
g/
Se
le
c
tio
n
Fr
e
qu
e
n
c
y
C
o
n
v
e
rs
io
n
A
/D
C
o
n
v
e
rt
e
r
D
/A
C
o
n
v
e
rt
e
r
M
o
du
la
tio
n
E
qu
a
liz
a
tio
n
U
se
r
In
te
rfa
c
e
D
e
c
o
di
n
g
E
n
c
o
di
n
g
R
e
-
c
o
n
fi
g
u
r
a
b
le
S
o
ft
w
a
r
e
Fr
e
qu
e
n
cy
C
o
n
v
e
rs
io
n
Fi
lte
rin
g/
Se
le
c
tio
n
A
G
C
A
LC
A
n
te
n
n
a
P
o
w
e
r 
A
m
p.
LN
A
A
/D
C
o
n
v
e
rte
r
D
/A
C
o
n
v
e
rte
r
Fi
lte
rin
g/
Se
le
ct
io
n
Fr
e
qu
e
n
cy
C
o
n
v
e
rs
io
n
D
e
m
o
du
la
tio
n
U
s
e
r
In
te
rfa
c
e
D
e
co
di
n
g
E
qu
a
liz
a
tio
n
M
o
du
la
tio
n
E
n
c
o
di
n
g
E
qu
a
liz
a
tio
n
G
le
n
n
 
R
es
e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
SD
R
’
s
an
d 
Th
e 
Sp
ac
e 
Te
le
co
m
m
u
n
ic
at
io
n
s 
R
ad
io
s 
Sy
st
em
 
(S
TR
S)
 
A
rc
hi
te
ct
u
re
•
R
e
co
n
fig
u
ra
bl
e
 
SD
R
 
w
ill 
e
n
a
bl
e
 
n
e
w
 
m
is
si
o
n
 
co
n
ce
pt
s
–
R
e
m
o
te
/a
u
to
n
o
m
o
u
s 
o
pe
ra
tio
n
s
–
Fu
tu
re
 
co
gn
iti
ve
 
ra
di
o
s
•
ST
R
S 
Ar
ch
ite
ct
u
re
 
pr
o
vi
de
s 
co
m
m
o
n
a
lit
y 
a
m
o
n
g 
re
co
n
fig
u
ra
bl
e
 
SD
R
 
de
ve
lo
pe
d 
by
 
N
AS
A
–
Pr
o
vi
de
s 
a
 
co
o
rd
in
a
te
d 
m
e
th
o
d 
a
cr
o
ss
 
th
e
 
a
ge
n
cy
 
to
 
a
pp
ly 
SD
R
 
te
ch
n
o
lo
gy
–
Pr
o
gr
a
m
/m
is
si
o
n
 
ris
k 
re
du
ct
io
n
–
Ad
jus
ts
 
to
 
e
vo
lv
in
g 
re
qu
ire
m
e
n
ts
–
Al
lo
w
s 
te
ch
n
o
lo
gy
 
in
fu
si
o
n
–
R
e
du
ce
s 
ve
n
do
r 
de
pe
n
de
n
ce
 
•
ST
R
S 
Ar
ch
ite
ct
u
re
 
re
co
m
m
e
n
de
d 
a
s 
Ag
e
n
cy
 
St
a
n
da
rd
 
 
-
w
ill 
e
vo
lve
 
be
fo
re
 
be
co
m
in
g 
a
 
st
a
n
da
rd
–
W
a
ve
fo
rm
 
Co
n
tro
l
–
N
a
vi
ga
tio
n
,
 
Se
cu
rit
y,
 
N
e
tw
o
rk
in
g…
–
Le
ve
ra
ge
 
be
st
 
a
sp
e
ct
s 
o
f D
o
D
’s
JT
R
S 
SC
A 
a
n
d 
in
du
st
ry
 
pr
a
ct
ic
e
•
Ex
pl
o
ra
tio
n
 
Vi
si
on
 
w
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e
se
n
t o
pp
o
rtu
n
iti
e
s 
to
 
a
pp
ly 
SD
R
G
le
n
n
 
R
es
e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
Pr
o
gr
am
m
ab
le
 
Te
ch
n
o
lo
gy
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o
gr
es
si
o
n
R
a
di
o
 
Fu
n
ct
io
n
a
lit
y
Fi
x
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H
ar
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ar
e
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R
SS
Tr
a
n
sm
itt
e
r
Co
m
m
o
n
,
 
O
pe
n
 
A
rc
hi
te
ct
u
re
 
St
an
da
rd
s
Pr
o
pr
ie
ta
ry
,
 
Cl
o
se
d 
A
rc
hi
te
ct
u
re
Ev
o
lv
ab
le
 
H
W
Co
gn
iti
v
e 
H
W
A
u
to
n
o
m
o
u
s 
R
ad
io
R
ec
o
n
fig
u
ra
bl
e 
Sa
te
lli
te
So
ftw
ar
e 
R
ad
io
19
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20
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20
30
G
lo
ba
l F
lye
r
ST
S-
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7,
 
Ex
pe
rim
en
t.
M
a
rs
R
e
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n
n
a
is
sa
n
ce
 
O
rb
ite
r
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T
El
ec
tr
aR
ep
ro
gr
am
m
ab
le
 
R
ad
io
R
ec
o
n
fig
u
ra
bl
e 
R
ad
io
So
ftw
ar
e 
D
ef
in
ed
 
R
ad
io
G
le
n
n
 
R
es
e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
A
dv
an
ce
d 
Ex
tr
a 
Ve
hi
cu
la
r 
A
ct
iv
ity
 
Sp
ac
e 
Su
it 
Co
m
m
u
n
ic
at
io
n
s
G
le
n
n
 
R
es
e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
A
dv
an
ce
d 
Ex
tr
a 
Ve
hi
cu
la
r 
A
ct
iv
ity
 
(A
EV
A
) S
pa
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Su
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Fl
ig
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Su
it
In
-
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ac
e 
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it
Su
rfa
ce
 
Su
it
CE
V 
La
u
n
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Re
tu
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an
d 
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n
tin
ge
n
c
y 
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A 
Su
it
G
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n
n
 
R
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e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
Co
m
m
u
n
ic
at
io
n
s,
 
A
v
io
n
ic
s
 
an
d 
In
fo
rm
at
ic
s 
En
a
bl
in
g 
Te
c
hn
o
lo
gi
es
Au
to
n
o
m
y 
–
Au
to
n
om
y
w
ill 
a
llo
w
 
a
ct
ivi
tie
s 
to
 
pr
o
ce
ed
 
w
ith
ou
t r
ea
l-
tim
e
 
co
m
m
u
n
ica
tio
n
 
to
 
Ea
rth
.
Co
lla
bo
ra
tio
n
 
–
R
ob
u
st
 
ap
pl
ica
tio
n
s 
w
ill 
pr
o
vid
e
 
en
ha
n
ce
d 
op
po
rtu
n
ity
 
fo
r 
co
lla
bo
ra
tio
n
.
Cr
ew
 
he
al
th
 
–
Te
le
m
ed
ic
in
e
 
an
d 
cr
e
w
 
re
la
xa
tio
n
 
ap
pl
ica
tio
n
s 
w
ill 
fo
st
e
r 
he
al
th
y 
e
xp
lo
re
rs
.
Cr
ew
 
re
ad
in
es
s 
–
Tr
a
in
in
g 
an
d 
re
fre
sh
e
r 
ap
pl
ic
a
tio
n
s 
w
ith
 
st
re
am
in
g 
vid
eo
 
w
ill 
e
n
su
re
 
th
a
t e
xp
lo
re
rs
 
a
re
 
pr
ep
a
re
d 
fo
r 
u
n
e
xp
e
ct
ed
 
pr
ob
le
m
s.
Sc
ie
n
tif
ic
 
kn
o
w
le
dg
e 
–
Sc
ie
n
ce
 
a
n
d 
se
n
so
r 
da
ta
 
w
ill 
pr
o
vid
e
 
sc
ie
n
tis
ts
 
on
 
Ea
rth
 
w
ith
 
a
 
pl
e
th
o
ra
 
of
 
in
fo
rm
a
tio
n
 
to
 
st
u
dy
.
Sa
fe
ty
 
–
R
e
a
l-t
im
e
 
da
m
a
ge
 
a
ss
e
ss
m
en
t a
n
d 
te
le
op
e
ra
tio
n
of
 
ro
bo
ts
 
w
ill 
e
n
ab
le
 
sa
fe
 
e
xp
lo
ra
tio
n
.
Se
c
u
rit
y 
–
Se
cu
re
 
co
m
m
u
n
ica
tio
n
 
w
ill 
en
su
re
 
da
ta
 
a
n
d 
sy
st
e
m
 
in
te
gr
ity
.
R
ec
o
rd
in
g 
o
f 
hi
st
o
ric
a
l e
v
e
n
ts
 
–
H
ig
h 
qu
a
lit
y 
vid
eo
 
w
ill 
re
co
rd
 
im
po
rta
n
t 
e
xp
lo
ra
tio
n
 
e
ve
n
ts
.
G
le
n
n
 
R
es
e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
EV
A 
IN
FO
R
M
AT
IO
N
 
SY
ST
EM
S
•
D
e
ve
lo
p 
a
n
 
EV
A 
su
it 
in
fo
rm
a
tio
n
 
sy
st
e
m
 
pr
o
to
ty
pi
n
g 
pl
at
fo
rm
 
w
hi
ch
 
in
te
gr
at
es
 
di
sp
la
ys
,
 
vo
ic
e
 
in
te
rfa
ce
s,
 
co
m
pu
te
rs
,
 
se
n
so
r 
sy
st
e
m
s,
 
a
n
d 
so
ftw
a
re
 
fo
r 
e
va
lu
a
tio
n
 
o
f a
dv
a
n
ce
d 
EV
A 
In
fo
rm
at
io
n
 
Sy
st
e
m
 
co
n
ce
pt
s.
•
Ap
pl
ic
a
tio
n
s 
in
cl
u
de
: 
Vo
ic
e 
re
co
gn
itio
n
 
fo
r 
co
m
m
a
n
d 
a
n
d 
co
n
tro
l o
f a
n
 
o
n
-
su
it 
co
m
pu
te
r; 
tra
ck
in
g 
an
d 
m
on
ito
rin
g 
o
f s
u
it 
lif
e 
su
pp
o
rt 
co
n
su
m
a
bl
e
s;
 
di
sp
la
yin
g 
tim
e
lin
e
 
pr
o
ce
du
re
s 
a
n
d 
ch
e
ck
-
of
f o
f t
a
sk
s;
 
di
sp
la
yin
g 
cr
e
w
 
bi
o
m
e
di
ca
l 
in
fo
rm
at
io
n
 
fo
r 
pa
ci
n
g 
o
f w
o
rk
 
ac
tiv
iti
e
s;
 
a
n
d 
n
a
vig
a
tio
n
 
a
n
d 
tra
ck
in
g 
fo
r 
su
rfa
ce
 
op
e
ra
tio
n
s.
A
EV
A
 
R
es
ea
rc
h 
Ta
sk
s
EV
A 
SE
N
SO
R
 
SY
ST
EM
S
•
D
e
ve
lo
p 
se
n
so
r 
sy
st
e
m
 
th
at
 
pr
o
m
o
te
s 
a
u
to
n
o
m
o
u
s 
cr
e
w
 
pe
rfo
rm
a
n
ce
 
a
n
d 
he
a
lth
 
m
o
n
ito
rin
g 
su
ch
 
as
 
he
a
rt 
ra
te
 
a
n
d 
m
e
ta
bo
lic
 
ra
te
 
de
te
rm
in
a
tio
n
.
•
W
hi
le
 
Ap
o
llo
 
e
ra
 
m
e
ta
bo
lic
 
ra
te
 
w
a
s 
ca
lc
u
la
te
d 
o
n
 
th
e 
gr
o
u
n
d,
 
fu
tu
re
 
EV
A 
sy
st
e
m
s 
n
e
e
d 
th
e
 
a
bi
lit
y 
fo
r 
a
u
to
n
o
m
o
u
s 
o
pe
ra
tio
n
.
 
 
•
Se
n
so
r 
sy
st
e
m
 
in
cl
u
de
s 
de
ve
lo
pm
e
n
t o
f 
re
du
ce
d 
si
ze
,
 
po
w
e
r,
 
a
n
d 
m
as
s 
CO
2 
se
n
so
rs
.
 
 
G
le
n
n
 
R
es
e
ar
ch
 
Ce
n
te
r
a
tL
e
w
is
Fi
e
ld
Co
m
m
u
n
ic
a
tio
n
s 
D
iv
is
io
n
EV
A 
D
IS
PL
AY
 
SY
ST
EM
S
•
In
ve
st
ig
at
e
 
he
lm
e
t m
o
u
n
te
d 
di
sp
la
ys
 
in
iti
a
lly
 
a
n
d 
e
xp
a
n
d 
to
 
cu
ff 
m
ou
n
te
d 
di
sp
la
ys
 
if 
H
M
D
 
pr
o
ve
s 
in
fe
as
ib
le
; c
o
n
ce
pt
 
an
d 
de
si
gn
 
e
va
lu
a
tio
n
 
(in
cl
u
di
n
g 
hu
m
a
n
 
fa
ct
or
s 
e
va
lu
a
tio
n
) p
rio
r 
to
 
pr
o
to
ty
pe
 
fe
a
si
bi
lity
.
•
H
M
D
 
sy
st
e
m
 
w
ill 
be
 
he
lm
et
-
m
o
u
n
te
d,
 
e
lim
in
a
tin
g 
th
e 
n
e
ed
 
fo
r 
th
e 
cr
e
w
m
e
m
be
r 
to
 
w
e
a
r 
a
n
y 
he
a
d 
ge
a
r,
 
w
hi
ch
 
is
 
su
sc
e
pt
ib
le
 
to
 
m
is
a
lig
n
m
e
n
t 
du
rin
g 
EV
A.
 
 
Sy
st
e
m
 
de
si
gn
 
m
u
st
 
a
llo
w
 
fo
r 
th
e 
re
qu
ire
d 
lo
w
 
vo
lu
m
e
,
 
po
w
e
r,
 
a
n
d 
sa
fe
ty
 
co
n
ce
rn
s 
fo
r 
in
cl
u
si
o
n
 
w
ith
in
 
EV
A 
he
lm
e
t.
A
EV
A
 
R
es
ea
rc
h 
Ta
sk
s
AU
D
IO
 
LA
B
 
AN
D
 
D
SP
 
VO
IC
E 
IN
TE
R
FA
CE
•
D
e
ve
lo
pe
d 
fo
r 
pr
ec
is
e 
ch
a
ra
ct
e
riz
at
io
n
 
o
f i
n
-
su
it 
a
co
u
st
ic
s 
a
n
d 
e
va
lu
a
tio
n
 
o
f f
o
rw
a
rd
 
a
n
d 
re
tu
rn
 
sp
e
ec
h 
ch
an
n
e
ls
 
fo
r 
pr
o
sp
e
ct
ive
 
a
n
d 
o
pe
ra
tio
n
a
l s
ys
te
m
s.
•
D
e
ve
lo
p 
 
he
lm
et
-
m
o
u
n
te
d 
au
di
o
 
sy
st
e
m
 
to
 
e
lim
in
a
tio
n
 
o
f c
o
m
m
u
n
ic
a
tio
n
s 
ca
rr
ie
r 
as
se
m
bl
y 
(i.e
.
 
“
Sn
o
o
py
 
ca
p”
.
)
•
La
bo
ra
to
ry
 
su
pp
o
rts
 
e
va
lu
a
tio
n
 
o
f s
pe
e
ch
 
qu
a
lit
y 
th
ro
u
gh
 
cr
e
a
tio
n
 
o
f u
tte
ra
n
ce
 
da
ta
ba
se
 
fo
r 
jur
y 
te
st
in
g 
as
 
w
e
ll 
a
s 
o
bje
ct
ive
 
e
va
lu
a
tio
n
 
o
f 
sp
e
ec
h 
qu
a
lit
y 
u
si
n
g 
IT
U-
re
co
m
m
e
n
de
d 
a
lg
o
rit
hm
s.
 
G
RC
’s
 
An
te
n
n
a
,
 
M
icr
o
w
a
ve
 
a
n
d 
O
pt
ica
l S
ys
te
m
s 
Br
a
n
ch
 
(R
CA
)
N
a
tio
n
a
l A
e
ro
n
a
u
tic
s 
a
n
d 
Sp
a
ce
 
Ad
m
in
is
tra
tio
n
w
w
w
.
n
a
sa
.
go
v
Co
n
cl
u
si
o
n
s 

By
 
20
30
,
 
1 
G
bp
s
de
e
p 
sp
a
ce
 
da
ta
 
ra
te
s 
de
si
re
d.
 
 
Ch
o
o
si
n
g 
th
e
 
pr
o
pe
r 
a
n
te
n
n
a
 
te
ch
n
o
lo
gy
 
fo
r 
fu
tu
re
 
N
AS
A 
e
xp
lo
ra
tio
n
 
m
is
si
o
n
s 
w
ill 
re
ly 
o
n
: 
da
ta
 
ra
te
 
re
qu
ire
m
e
n
ts
,
 
a
va
ila
bl
e
 
fre
qu
e
n
ci
e
s,
 
a
va
ila
bl
e
 
sp
a
ce
 
a
n
d 
po
w
e
r,
 
a
n
d 
de
si
re
d 
a
ss
e
t-s
pe
ci
fic
 
se
rv
ic
e
s.
 
 
Li
ke
w
is
e
,
 
e
ffi
ci
e
n
cy
,
 
m
a
ss
,
 
a
n
d 
co
st
 
w
ill 
dr
iv
e
 
de
ci
si
o
n
s.

Vi
a
bl
e
 
a
n
te
n
n
a
 
te
ch
n
o
lo
gi
e
s 
sh
o
u
ld
 
be
 
sc
a
la
bl
e
 
a
n
d 
fle
xib
le
 
fo
r 
e
vo
lv
in
g 
co
m
m
u
n
ic
a
tio
n
s 
a
rc
hi
te
ct
u
re
.

En
a
bl
in
g 
a
n
te
n
n
a
 
te
ch
n
o
lo
gi
e
s 
in
cl
u
de
: 
la
rg
e
 
a
pe
rtu
re
 
de
pl
o
ya
bl
e
/ i
n
fla
ta
bl
e
 
a
n
te
n
n
a
s 
(re
du
ce
 
sp
a
ce
/p
a
ylo
a
d 
m
a
ss
), m
u
lti
be
a
m
a
n
te
n
n
a
s 
(re
du
ce
 
po
w
e
r 
co
n
su
m
pt
io
n
), r
e
co
n
fig
u
ra
bl
e
 
a
n
te
n
n
a
s 
(re
du
ce
 
sp
a
ce
), l
o
w
 
lo
ss
 
ph
a
se
d 
a
rr
a
ys
 
(co
n
fo
rm
a
l/g
ra
ce
fu
l d
e
gr
a
da
tio
n
), a
n
d 
e
ffi
ci
e
n
t m
in
ia
tu
re
 
a
n
te
n
n
a
s 
(re
du
ce
 
sp
a
ce
/p
o
w
e
r).

Ef
fic
ie
n
t m
in
ia
tu
re
 
a
n
te
n
n
a
s 
w
ill 
pl
a
y 
a
 
cr
iti
ca
lr
o
le
 
in
 
fu
tu
re
 
su
rfa
ce
 
co
m
m
u
n
ic
a
tio
n
s 
a
ss
e
ts
 
(e.
g.
,
 
SD
R
 
ra
di
o
s) 
w
he
re
 
a
va
ila
bl
e
 
sp
a
ce
 
a
n
d 
po
w
e
r 
pl
a
ce
 
st
rin
ge
n
t r
e
qu
ire
m
e
n
ts
 
o
n
 
m
o
bi
le
 
co
m
m
u
n
ic
a
tio
n
s 
sy
st
e
m
s 
a
tt
he
 
e
n
vi
si
o
n
e
d 
UH
F/
VH
F/
S-
ba
n
d 
su
rfa
ce
 
co
m
m
.
 
fre
qu
e
n
ci
e
s 
(i.e
.
,
 
a
st
ro
n
a
u
t s
u
its
,
 
pr
o
be
s,
 
ro
ve
rs
)
